Introduction Irritable bowel syndrome (IBS) has traditionally been classified by stooling pattern (e.g., diarrheapredominant). However, other patterns of symptoms have long been recognized, e.g., pain severity. Our objective was to examine the utility of subtyping women with IBS based on pain/discomfort severity as well as predominant bowel pattern. Methods Women (n = 166) with IBS completed interviews, questionnaires, and kept a diary for 28 days. Rome II questionnaire items eliciting the past year recall of hard and loose stools, and frequency and severity of abdominal pain or discomfort were used to classify participants into six subtypes-three bowel pattern categories by two pain/ discomfort severity categories. Concordance of these subtypes with corresponding diary items was examined. Analysis of variance (ANOVA) tested the relationship of bowel pattern and pain categories to measures of quality of life and symptoms. Results There is moderate congruence of the retrospective classification of bowel pattern and pain/discomfort severity subtypes with prospectively reported stool frequency and consistency and pain severity. Quality of life, impact of IBS on work and daily activities, and cognitive beliefs about IBS differed significantly based on abdominal pain/discomfort category but not on predominant bowel pattern. There is evidence of an interaction, with the effect of pain severity being strong in the IBS-diarrhea and IBSmixed groups, but this was absent in the IBS-constipation group. Similar results hold for most diary symptoms, except for those directly related to bowel pattern. Conclusions Overall, the distress of IBS is more strongly related to the severity of abdominal pain/discomfort than is the predominant stool pattern in patients with IBS. Categorizing IBS patients by abdominal pain/discomfort severity in conjunction with predominant bowel pattern may be useful to clinicians and researchers in developing more effective management.
Introduction
Functional gastrointestinal (GI) disorders (FGIDs), including irritable bowel syndrome (IBS) in adults, are among the most common and costly health care problems in the US [1] . IBS is diagnosed by the presence of abdominal pain or discomfort associated with bowel pattern changes and/or relieved by bowel movement, and patients usually suffer from diarrhea and/or constipation. Effective, targeted therapies for IBS are challenged by the clinical recognition that there is significant variability in the clinical presentation of patients with IBS and the fact that these symptoms can fluctuate over time. Patients differ by predominant stool type, severity and frequency of pain/ discomfort, comorbidities including psychological distress and somatic complaints, as well as gynecologic symptoms in women [2] .
The use of categories based on predominant bowel pattern (constipation-predominant, diarrhea-predominant, alternating or mixed; IBS-D, IBS-C, IBS-M, respectively) has received acceptance by most clinical investigators [3] . Indeed, this categorization commonly dictates pharmacological management. However, the influence of other symptoms such as pain/discomfort may also differentiate the response of patients to treatments. Yet, little attention has been paid to further differentiate these patients (beyond stooling pattern) according to other symptoms.
There is evidence that these other symptoms, particularly pain and discomfort, are relevant to subtyping IBS. In a prior study, we noted that women with medically diagnosed IBS reported more abdominal pain/discomfort, bloating, and intestinal gas than bowel pattern symptoms of constipation and diarrhea [4] . In this population, abdominal pain/discomfort was correlated more strongly with reductions in quality of life (QOL) and interference with work and school than bowel symptoms [4] . The contribution of symptom severity to the disease burden of IBS was recently addressed by Bond et al. [5] and has been further substantiated by the recent work of Spiegel et al. [6] .
The report of abdominal pain/discomfort is a fundamental symptom in the diagnosis of IBS using the ROME III criteria [7] . In our prior work, premenopausal women with IBS (Rome II criteria) reported moderate to severe abdominal pain on 37% of days in a 28-day diary [8] . While all three bowel pattern IBS subgroups (constipation, diarrhea, alternating) report abdominal pain/discomfort, it is unknown whether the severity of abdominal pain/discomfort is similar across bowel pattern subgroups or whether it is equally associated with reductions in QOL, increases in psychological distress, and impact on functional activities. However, the study of abdominal pain/ discomfort within distinct bowel pattern subgroups is challenged by the various methodological approaches that can be taken. Often in clinical practice or research protocols, retrospective questionnaires are used. But this information may not capture the typical bowel pattern. For example, in one study, investigators noted that women with functional constipation had difficulty remembering if symptoms had occurred more or less during a 6-month period [9] . Daily pain and stooling recorded over 4 weeks may provide different information than retrospective recall over several months.
Subtypes of IBS based on retrospective recall will be clinically much more practical and useful than subtypes based on a several-week diary. Therefore, in this report, we propose using retrospective recall of symptoms over the past year to classify women with IBS into six subtypes based on further dividing each of the three bowel pattern subtypes into high pain and low pain groups. The concordance of these subtypes with 4-week diary data is first evaluated. Then, we test for differences across subtypes in QOL, impact on work and daily activities, daily symptoms, and cognitive beliefs about IBS. We hypothesize that clinically meaningful differences will be evident across the six subtypes, more so than across just the three bowel pattern subtypes. Specifically, we hypothesize that subjects in the high pain subtypes will have substantially worse QOL and other outcomes than those in the corresponding low pain subtypes.
Methods
Data for this analysis were derived from the baseline assessment period from a randomized controlled trial design of a cognitive behavioral self-management program. A more detailed description of the methods has been published previously [10] . Women with IBS completed interviews, questionnaires, and kept a diary for 28 days. Volunteers with IBS were recruited through community advertisements and a single mailing to patients in a university-based gastroenterology practice.
Women were eligible if they were over 18 years of age, had a prior diagnosis of IBS made by a health care provider, and reported current IBS symptoms (Rome II criteria). Participants were excluded if they had a history of coexisting GI pathology (e.g., inflammatory bowel disease, celiac disease) or surgery (e.g., bowel resection), renal, or reproductive pathology (e.g., endometriosis). Subjects were excluded for conditions such as severe fibromyalgia, type 1 or 2 diabetes mellitus, infectious diseases (e.g., hepatitis B or C, HIV), symptoms of dementia, severe cardiovascular disease, severe depression, or current substance abuse. Human subjects institutional review approval was obtained prior to enrolling participants and consent was obtained from subjects.
Subjects were assessed for eligibility at the initial telephone screening. Next, subjects were met in person to obtain written consent and have questionnaires completed. Subjects were given a 4-week symptom diary to be completed each evening. All data were reviewed by a gastroenterologist to determine whether the diagnosis of IBS was appropriate and there were no red flags that indicated a need for further assessment.
Rome II Diagnostic Questionnaire for Functional GI Disorders
The Rome II Diagnostic Questionnaire for Functional GI Disorders was used to assess abdominal pain/discomfort and IBS symptoms severity over the previous 1 year [11] . The questionnaire is based on the criteria for FGIDs in adults, including: gastroduodenal, bowel (e.g., IBS), functional abdominal pain, esophageal, biliary, and anorectal disorders [11] .
Symptoms and Stool Consistency: Daily Diary Subjects completed a symptom diary that contained 26 symptoms, which were rated every evening. Each symptom was rated on a scale from 0 (not present) to 4 (extreme). GI pain or discomfort related symptoms in the daily diary included abdominal pain, abdominal distension, bloating, and intestinal gas. GI symptoms related to stool characteristics were diarrhea, constipation, and urgency. Psychological/emotional items include anger, anxiety, depressed or blue, stressed, fatigue/tiredness, and sleepiness during the day. Somatic symptoms were backache, headache, joint pain, and muscle pain. The daily diary also included a rating of consistency for each stool on a five-point scale: very hard, hard, formed, loose, or watery. Summary scores were used in the analysis.
Quality of Life
The Irritable Bowel Syndrome Quality of Life (IBSQOL) questionnaire is a 42-item questionnaire with nine scales: sleep, emotional, mental health beliefs, energy, physical functioning, diet, social role, physical role, and sexual relations [12] . Example questions are: ''How often did your IBS make you feel fed up or frustrated?'' e.g., 1 (always), 2 (often), 3 (sometimes), 4 (seldom) to 5 (never); or ''My IBS affected my ability to succeed at work/main activity,'' e.g., 1 (strongly agree) to 5 (strongly disagree). The scales are transformed to a standard 0-100 scale. A total score was computed by averaging all but one of the scales (sexual relations). Extensive and acceptable validity and reliability tests have been conducted [10] . Internal consistency (Cronbach's alpha) for the scales ranged from a = 0.73 to 0.93 for this study. A summary score was used.
Cognitive Beliefs
The Cognitive Scale for Functional Bowel Disorders (CSFBD) describes 25 cognitive beliefs related to functional bowel disorders [13] . The items are rated from 1 (strongly disagree) to 7 (strongly agree). A typical item is: ''I often worry that there might not be a bathroom available when I need it.'' The CSFBD has high concurrent criterion validity, acceptable convergent validity, and high content validity and face validity with minimal social desirability contamination. The internal consistency for this study was a = 0.937. The summary score was the mean of all items.
Work Productivity and Activity
The Work Productivity and Activity Impairment Questionnaire (WPAI) was adapted for persons with IBS [14] . It includes nine questions related to the impact of IBS on work and other regular activities. Construct validity is acceptable when tested against known measures in employed individuals affected by a health problem. The test-retest (1-day) ranged from r = 0.71 to 0.95 for the items [14] . For this analysis, two scales were used; the Overall Work Productivity Loss (missed work and work impairment due to IBS) and the Daily Activity Impairment scales (impairment of other activities due to IBS). In addition, the WPAI other items were added to the diary, including: ''How much did your IBS symptoms affect your ability to carry out normal daily activities, other than work?'' and ''Did you go to work/school today?'' Other Variables Demographic information included age, marital status, years of education, ethnic affiliation, occupation, body mass index, age when IBS pain began, and medication use. A retrospective measure of psychological distress, the Brief Symptom Inventory (BSI), was completed. It includes 53 items that measure psychological distress. Participants were asked to rate how much the symptom distressed or bothered them over the prior 7 days on a scale from ''not at all'' (0) to ''extremely distressing'' (4). For this study, the Global Severity Index (GSI: mean of all 53 items) are reported. Acceptable indicators of validity and reliability have been described [15] . The internal consistency of the GSI was a = 0.96 in this study.
Analyses
The Rome III criteria [16] for defining bowel pattern subgroups are based only on stool consistency. Two questions on the Rome II Diagnostic Questionnaire for Functional GI Disorders ask how often, in the last year, one has had ''lumpy or hard bowel movements (stools)'' and ''loose, mushy or watery bowel movements (stools)''. IBS patients who answered at least ''often'' to both questions were classified as mixed (IBS-M), those who answer ''often'' or greater only to hard stools were classified as constipation-predominant (IBS-C), while those who answer at least ''often'' only to loose stools were classified as diarrhea-predominant (IBS-D). Those who answered less than ''often'' to both questions were excluded from the analyses.
Because pain/discomfort is a central component of the diagnosis of IBS, we chose to include this symptom in the subtyping. To increase the likelihood of differentiating groups as well as making them more clinically applicable, we classified participants as either high pain or low pain based on two questions on the Rome II Diagnostic Questionnaire for Functional GI Disorders [11] that ask about the frequency and severity of ''discomfort or pain in your belly or abdomen'' in the last year. The high pain group consisted of those IBS patients who reported having either ''moderate'' pain/ discomfort that occurred at least ''very often'' or ''severe'' pain/discomfort that occurred at least ''often''.
Scatter plots were used to examine how well diary measures of diarrhea, constipation, stool consistency, and abdominal pain agreed with the pain and bowel pattern classifications based on the retrospective questionnaire.
Analysis of covariance (ANCOVA) was used to test the association of each outcome variable to pain level, predominant bowel pattern, and the interaction between the two, while controlling for age. The interaction term tests whether the effect of pain level on the outcome was the same in all three bowel pattern subgroups.
Results Figure 1 illustrates the association between stool consistency as measured retrospectively and prospectively on the daily diary. The three predominant bowel pattern groups are defined based on the retrospective Rome II questionnaire, while the two axes of the plot show the percentage of days with hard and loose stools as determined from the daily diary. The figure shows moderate congruence between the diary and questionnaire (recall) data, with fairly good separation between the IBS-C (upper left) and IBS-D (lower right) groups, with the IBS-M group in between and overlapping with both of the other groups. Eighty-eight percent of IBS-C subjects have more days with hard stools than with loose stools, 73% of IBS-D subjects have more days with loose stools than with hard stools, and 50% of IBS-M patients have more days with loose stools than with hard stools.
Participants were further classified into six categories based on predominant bowel pattern and pain severity (constipation vs. diarrhea vs. mixed 9 high and low pain). Table 1 shows a comparison of the demographics across these six categories. Overall, 55% of participants are in the high pain group. The fraction of participants in the IBS-C group with high pain is somewhat higher than in the IBS-M and IBS-D groups, but this difference is not statistically significant (P = 0.581). Figure 2 shows that the average percentage of diary days with moderate/severe abdominal pain/discomfort is considerably higher in the questionnaire-based high pain group. However, there is quite a bit of overlap between the two distributions. This figure also shows that there is very little association between the percentage of days with moderate/severe abdominal pain/discomfort and the percentage of days with loose stools.
The results in Table 2 confirm the observations in Figs. 1 and 2. The percentage of days with hard and loose stools differ significantly by bowel pattern group but not by pain group or the interaction between the two. Similar results hold for the percentage of days with moderate/severe constipation, urgency, and diarrhea. The percentage of days with moderate/severe abdominal pain differs by pain group but not by bowel pattern group. Most of the other IBS symptoms show a pattern similar to abdominal pain. Table 3 gives the results for measures of QOL, cognitive beliefs about IBS (CSFBD), psychological distress, and the impact of IBS on work and other activities. Note the very significant effect on QOL of pain severity and the interaction between pain and bowel pattern. There is a very strong effect of abdominal pain severity on QOL among IBS-M patients and somewhat lesser among IBS-D, versus no effect of pain severity among IBS-C patients. The pattern of means is illustrated in Fig. 3 . Figure 4 shows that a similar effect holds when abdominal pain severity is measured with the diary. Among IBS-M subjects, there is a very strong effect of pain severity on QOL, as seen by the steep slope for the IBS-M group and the fact that most of the IBS-M subjects with fewer than 40% of days with moderate/severe pain/discomfort have very good QOL ([70), while most of those with more than 40% of days with moderate/severe pain/discomfort have very poor QOL. Exploration of the subscales of QOL (results not shown) shows that the work impact subscale shows the strongest interaction effect. A similar interaction effect and main effect of pain severity is seen in the analyses of the diary items concerning the impact of IBS on work productivity and other activities, but not the retrospective report of work interference. Table 3 also shows the results for diary items related to psychological distress, somatic symptoms, and upper GI symptoms. There is no evidence of an effect of predominant bowel pattern on any of these symptoms. Abdominal pain severity does appear to have an effect on some psychological distress and somatic symptoms (fatigue and sleepy, backache, and headache), but there was no evidence of interaction effects. There is some evidence of an interaction effect for heartburn and nausea. It is interesting to note that depression and anxiety measured by the daily diary do not differ across pain or bowel pattern groups.
Discussion
In practice, clinicians diagnose and make treatment decisions based on predominant bowel pattern characteristics. However, findings from the current study indicate that, regardless of bowel pattern, those patients with more frequent or severe abdominal pain/discomfort report greater psychological distress, more negative cognitions about IBS, reduced QOL, and more interruptions in daily activities.
This study evaluated the agreement of the daily diary ratings of pain severity and stool consistency with IBS subtypes defined using retrospective ratings of pain severity and frequency and stool consistency. There is moderately good agreement between the diary and retrospective IBS group subtypes. Since different time periods are being rated (subjects began keeping the diary after giving their retrospective rating of the past year), perfect agreement would not be expected. Digesu et al. [9] , utilizing respondents from urogynecology, gynecology, and colorectal clinics, found that women had difficulty recalling bowel symptoms that had occurred even within a 6-month period. With recall, there is the potential for recall bias to influence responses to bowel questionnaires [17] [18] [19] . IBS symptoms wax and wane over time along with predominant bowel pattern, making it challenging to determine treatment outcomes using bowel patterns only [20, 21] .
The daily diary used in the current study incorporated consistency rating of every stool, as well as symptom severity ratings of a variety of symptoms. Degen and Phillips, utilizing healthy young to middle-aged adults, observed that the extremes of stool form (i.e., hard and loose texture) as recorded in the stool diary were useful in discriminating between slow and fast colonic transit [22] . Findings from the current study reveal congruence between daily stool frequency and consistency and the designation of Rome II subgroups based on recall. However, as illustrated in the figures, there is considerable variability in daily stool reports within each of the three predominant bowel pattern subgroups. These results support the The second aim of this study was to describe differences in QOL and other measures across the six subtypes. We found that, in general, abdominal pain severity seems to have a bigger impact on QOL, IBS interference with work and activities, and cognitive beliefs about IBS than does the bowel pattern subtype. However, the strong influence of abdominal pain severity seems to be limited to the IBS-M and IBS-D groups. The results suggests that it is the presence of abdominal pain rather than the stool pattern that contributes to the overall distress and reductions in QOL in women with diarrhea or mixed diarrhea and constipation.
These results are consistent with our earlier results, based on a different sample of women aged 18-48 years, that abdominal pain was most strongly related to life impact variables and QOL [4] . Analysis of day-to-day variation within women showed that abdominal pain was most strongly correlated with daily life impact variables and that diarrhea had the weakest correlation.
Chronic abdominal pain/discomfort is an essential component of the diagnosis of IBS. Under laboratory testing conditions, the measurement of pain thresholds in many patients with IBS (i.e., IBS-C, IBS-D, IBS-M) demonstrate heightened responsiveness to painful stimuli (discomfort reported at the lower balloon volume). Several investigators have addressed the relationship between the laboratory measurement of visceral sensitivity and the reporting of urge, discomfort, and pain [23] . For the most part, these studies indicate that visceral sensitivity is comparable across bowel pattern subgroups. Using Rome II criteria to distinguish bowel pattern subgroups, the proportion of patients within different predominant bowel habit groups have equal numbers with and without heightened rectal perception [24, 25] . In addition, Kanazawa et al. found that pain thresholds and motility index were not correlated in three IBS bowel pattern subgroups (IBS-C, IBS-D, IBS-M) [23] . Consistent with this, Dorn et al., using the ascending methods of limits in a sample of IBS-C, IBS-D, and IBS-unclassified patients, showed that increased colonic sensitivity was influenced by a psychological tendency to report pain and urge rather than neurosensory sensitivity [26] .
In the current study, there was a significant effect of pain group on recalled greater psychological distress and negative cognitions. Several investigators have employed retrospective measures of both GI and psychological distress to examine the associations of pain or discomfort severity with perceptual sensitivity [24, 27, 28] . Posserud et al. utilized the Gastrointestinal Symptom Rating Scale-IBS for pain, bloating, constipation, diarrhea, satiety, and found that, compared to patients with normal rectal perception, patients with altered perception more frequently reported at least moderate pain, bloating, and diarrhea [24] . Using a multivariate approach to determine independent factors associated with GI symptom severity, they found that pain and pain along with gender (female) and anxiety contributed to 48% of the variance in perceived sensitivity to visceral stimuli. Adding to this is more recent data showing Days with moderate to severe symptoms in the diary that psychological factors may account for IBS-D versus control group differences in peripheral pain inhibition as well as visceral hypersensitivity [29] . Others have suggested that subgroups of patients with functional GI disorders based on bowel patterns alone may not sufficiently identify clinically distinct entities [30, 31] . Our results suggest that abdominal pain severity may constitute the basis for meaningful subtypes. They also suggest that, mechanistically, pain and bowel pattern are separate but overlapping phenomenon.
Within the IBS-D and IBS-M groups, there was a clear separation in the daily pain-related diary symptoms between the high pain and low pain subgroups, while such a separation is not apparent in the IBS-C group. The reason for the lack of separation in the constipation group is not clear, though it may be related to the fact that women with IBS-C low pain tended to report more daily symptoms and worse QOL than women in the low pain IBS-D and IBS-M groups. The degree of constipation bowel pattern ''severity'' in the IBS-C high and low pain groups were similar, as evidenced by the percentage of days with hard stools and report of constipation.
The current study was of women with IBS and whether similar results would be found in men with IBS remains to be determined. In a study comparing men and women with and without IBS, Chang et al. [32] noted a significant lowering of discomfort thresholds after noxious sigmoid stimulation in women but not men with IBS. Women also reported more unpleasant abdominal pain over the previous 6 months. Gender differences in IBS as well as other chronic conditions associated with visceral pain have been well described [2, 33] .
Our sample was based on community recruitment and most likely includes some patients with less severe symptoms than a sample recruited from a gastroenterology referral center. Thus, this sample is likely more representative of those patients seen in primary care settings. However, those with high pain/discomfort levels may be similar to those attending a gastroenterology clinic.
Conclusion
Taking abdominal pain/discomfort severity into account when categorizing patients with irritable bowel syndrome (IBS) leads to subtypes which differ in quality of life (QOL) and other related outcomes, much more so than subgroups based solely on predominant bowel pattern. Further investigation is needed into whether such subtyping is useful to clinicians for deciding upon treatment recommendations or researchers designing clinical trials or other studies. 
